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0 Block oriented random access memory able to perform a data read, a data write and a data refresh 
operation in one block-access time. 

© A video memory system which uses dynamic digital data storage elements allows random access to blocks 
of 32 pixel values. The pixel values to be stored in a block (50) are applied sequentially to the memory system 
and the pixel values provided by the memory system are provided sequentially. The block oriented random 
access memory which stores and provides the blocks of 32 pixel values is configured (22.30,31,34,36) to be able 
to perform a block read, a block write and a refresh operation in the time (T w r + Tro + Tre) required to provide 
one 32 pixel block to or from the video memory system. 
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Th.s invention relates to a block oriented digital memory system which has serial data input and data 
output ports and which has a block size sufficient to allow a memory read operation, a memory write 
operation and a memory refresh operation to occur in the time used to provide one block of data values via 
the senal input or serial output ports. 

5 tei JlL d9SiS • ° f ? m i m0fy SyStem US6d for fie,d or frame based *" si 9" al Processing in a consumer 
television receiver ,s subject to several constraints affecting both the performance and cost of the memory 

Zt£ . J? 19 w m9m0ry , SyStem Sh0U,d accept ^ supp,y P ixel sam P |es ^ standard video rates. A 
commonly used video sampling rate in NTSC receivers, for example, is 14.32 MHz, or four times the 

£2?! w ' S • Pr6 ?? d fa9CaUSe " SimP ' ifieS processin 9 the color signal components of the 
composite video signal. As a second constraint, the memory system should include a sufficient number of 
storage elements to hold pixels representing one field of the video signal. This number of storage elements 
depends on the signal standard and on the sampling rate. For example, in the NTSC system 238 875 pixel 
storage elements are needed to represent one field of a video signal that is sampled by a 14 32 MHz 
»s sampling clock signal. Third, the memory system should be able to be configured as delay element or as a 
random access memory When the memory system is configured 'as a delay element, the pixels provided 

1512 . ^ °Z y bV 3 fiXed am ° Unt ° f time - for examp,e - one fie,d f*™*- wi * aspect to the 

S2rll^f 0,t ' n f iS m0de ' mem0ry System may be of a Progressive scan 
system, frame comb filter or temporal noise reduction system. When the memory system is configured as a 
random access memory, blocks of pixels may be written or read in an arbitrary sequence. This mode is 
useful for features which produce an on-screen display or for producing picture-within-a-picture (pix-in-pix) 
or magnified picture (zoom) displays. A fourth constraint which affects the design of a video memorv 

? DeS ! rably ' ^ mem0ry SySt6m ShOU,d be inex P ensiv * should not need expensive 
penpheral circuitry to integrate it into the television receiver. 

Previously, random access memory (RAM) integrated circuits developed for computers and other data 
Processing applications have been adapted for video signal processing. These integrated circuits are 
usually designed for the random access of individual multi-bit data words using a single data bus for both 
input and output. To use these memory circuits in a video memory system, it is necessary to use peripheral 

,„ -Si? ? the , SeqUenCe ° f addresses a PP' ied to *«e memories and to schedule the read and write 
30 requests to avoid conflicting uses of the data bus. 

* H^Hhf h mPt l° deSi9 " 3 mem0ry inte 9 fated drcuit specifically for video signal processing applications 
is descnbed In the paper entitled "A 1-M bit ORAM with 33-MHz Serial I/O Ports" by Ohta et al IEEE 

oan e n r a ^ f £"! "T* ^ N °" * 1986 " ^ circu » *"W ^ 

paper has two four-bit senal ports, one each for data input and data output In the memory circuit, four-bit 

a? ^nTT ! r entS T arran96d b '° CkS ° f ei9ht Four " bit n,bbtes representing portions of pixel values 
are applied to the input port at a 33 MHz rate. The nibbles are loaded into a serial-to-parallel input buffer 
which collects eight nibbles before writing them into a block of storage elements. Similarly, a block of eight 

^n b itlnlL re ^ f 8 "I 6 " 10 " 7 int ° 3 P ara,le, - to - seri al buffer which provides eight four-bit nibbles 
representing portions of p,xel values in a serial stream at the 33 MHz rate. The read and write operations 
may be interleaved to achieve continuous data input and output at the 33 MHz rate. There is no indication 
■n this paper, however, of how the refresh operations are integrated into the interleaved read and write 
operations. Since this memory system stores and provides data in four-bit nibbles, two of these memory 
systems are needed for processing eight-bit pixel values at the 33 MHz rate. 

Although the memory system described in the above-referenced paper includes circuitry to control data 
bus contention resulting from coincident read and write requests, it does not significantly improve the 
memory address interface over that which is provided by random access memory circuits designed for data 
processing applications. Accordingly, the integrated circuit described in the above-referenced paper may 
need extensive peripheral circuitry to control the proper sequencing of address values applied to the 
memory circuitry to read, write and refresh the stored data values. In addition, because the address values 
are applied to the integrated circuit in parallel, it is contained in a 40-pin package. This is a relatively large 
package which may be too coatly to use in an inexpensive consumer television receiver 

The present invention is embodied in a digital data memory system which includes a plurality of 
memory blocks, each having D data storage elements. These memory blocks are coupled to circuitry which 

nil 6 ! Ml"* 0 * ? ^ Se,eCted mem0ry b,0CK - reads data from a second selected block and refreshes the 
data held by at least a third selected block in respective, mutually exclusive time intervals T w « T fl0 and 
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Tr F . The D data values provided from the second selected block during the time interval T RO are stored in 
parallel into an output buffer. Data values are provided by the output buffer sequentially, synchronous with 
D successive pulses of a data output clock signal having a nominal frequency of f c . The value of D is 
chosen such that the amount of time represented by the mathematical expression D/f c is not less than the 
5 sum of the lengths of the time intervals T WRt T RD , and T RF . 



Brief Description of the Drawing 

10 FIGURE 1 is a block diagram of a memory system which includes an embodiment of the present 

invention. 

FIGURES 2A and 2B show timing diagrams of several signals that are useful in explaining the 
operation of the memory system shown in FIGURE 1 . 

In the drawings, broad arrows represent busses conveying multiple-bit parallel digital signals and line 
75 arrows represent connections conveying single-bit digital signals. Depending on the processing speed of 
the devices, compensating delays may be required in certain of the signal paths. One skilled in the art of 
digital memory circuit design would know where such delays are needed in a particular system. The 
memory system described below accepts and provides four-bit nibbles at the NTSC sampled data video 
rate of 14.32 MHz. To simplify the explanation of this memory system, these four-bit nibbles are referred to 
20 as pixel values. A memory system which operates at 14.32 MHz and uses eight-bit pixel values may be 
built by configuring two of these memory systems in parallel. 

FIGURE 1 is a block diagram of a video memory system which may be realized as a single 18-pin 
integrated circuit. The pin designations correspond respectively to signal names used in FIGURE 1 as 
shown in TABLE I. 
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TABLE I 

Pin/Signal Name Function 

DI0-»DI o 4 data input signals 



WE write enable signal (active low) 

SAD serial address signal 

SAS address clock signal 

TAS address transfer signal (active low) 

CLK system clock signal 

GW write clock gate signal (active low) 

40 gr read clock gate signal (active low) 

OE output enable signal (active low) 

DO Q -»D0 3 4 data output signals 

45 

The two remaining pins are for coupling the integrated circuit to a source of operating potential and a 
source of reference potential (e.g. ground). 

The memory system shown in FIGURE 1 may include, for example, a sufficient number of bit storage 
elements (cells) in the memory cell array 50 to hold 262,144 (2 1B ) four-bit pixel values. This number of cells 
so is sufficient to hold, for example, one field (238,875 four-bit pixel values) of a sampled data NTSC video 
signal having a sampling frequency of 14.32 MHz (4f c ). 

This memory system is able to accept and supply four-bit pixel values at standard video rates. The 
pixel values applied to the memory system may be written into storage cells addressed by a write address 
value while other pixel values held in storage cells addressed by an independent read address value are 
ss provided by the memory system. The write and read address values are incremented as the pixel values 
are accepted and provided in order to maintain continuous input and output data streams. The address 
values may be changed and read or write operations may be enabled or inhibited by loading address and 
control values into the memory system via the serial address input terminal SAD. Another function of the 
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control value loaded via the_SAD terminal is to allow the memory read and write operations to be 
synchronized to the signal TAS. 

A structural overview of the memory system is presented first followed by a more detailed description. 
The latter part of this detailed description includes an example of the internal sequencing of the memory 

5 illustrating its operational modes. 

Four-bet pixel values, applied to the data input terminals Dl 0 through OI 3 . are stored sequentially in 
respective seriai-to-parallei converters 38B through 38E. The serial-to-parallel converters 38 collect, for 
example 32 pixel values during 32 successive periods of a write clock signal, WCK, and then transfer the 
collected pixel values as a single block of data into buffer latches 40B through 40E respectively. This 

w transfer occurs in a fraction of the next successive clock period. The pixel values are transferred from the 
.latches 40 to the memory cell array 50 during several of the ensuing 32 clock periods while new pixel 
values are loaded into the serial-to-parallel converters 38. Similarly, a block of 32 pixel values is read from 
the memory cell array 50 over several periods of a read clock signal, RCK, and stored in output buffer 
latches 52A through 52D. From the latches 52A through 52D, the block of pixel values is transferred to 

15 respective parallel-to-serial converters 54A through 54D during a portion of one of the read clock cycles. 
The parallei-to-serial converters 54 then provide the individual four-bit pixel values, synchronous with the 
read clock signal, RCK, via the output terminals DO c through DO a over the next 32 periods of the signal 
RCK. 

The addresses applied to the cell array 50 and the control signals, which determine when the data are 

20 transferred from the serial-to-parallel converters 38 and latches 40 to the memory cell array 50 and from the 
cell array 50 to the latches 52 and parallel-to-serial converters 54, are generated by circuitry internal to the 
memory system shown in FIGURE 1. This circuitry, the memory sequencing circuitry 22, is controlled by 
externally provided address and control signal values as outlined below. 

Read and write address values, each of which specifies a particular block of data ceils in the memory 

25 cell array 50, are applied to the SAD input terminaf of the memory system as a bit-sequential signal. The 
signal applied to the SAD input terminal is separated into one read address and one write address and 
stored in the interna! read and write address registers 24 and 26 respectively. 

The memory system also includes an automatic refresh function which may, for example, restore all of 
the data in a predetermined portion of the memory cell array in one operation. The refresh address is 

30 internally generated and stored in an internal refresh address register 28. 

The memory sequencing circuitry 22 may, for example, sequentially perform a read, a write and a 
refresh operation on the memory ceil array 50 during one 32 clock cycle interval. These operations are 
timed by the sequencing circuitry 22 to prevent any conflicting access to data in the memory cell array. 
Generally, during e^ch of the read, write and refresh operations, the address value used to access the 

35 memory is incremented by one in address incrementing circuitry 32 and stored into the read, write or 
refresh address register as appropriate. 

Thus, the memory system shown in FIGURE 1 is capable of reading and writing pixel data using the 
same sequence of successive block address values or using respectively different sequences of successive 
block address values. When the addresses used for reading and writing the pixel data are the same, the 

40 memory system may appear to be a one-field-period delay element suitable for use in field or frame based 
video signal processing circuitry. When different addresses are used for reading and writing, the memory 
system may appear as a delay element providing a time delay of less than one field period or as a 
"random access" memory where the pixel data are accessed in blocks of 32 four-bit pixel values. 

The following is a more detailed description of the memory system shown in FIGURE 1. As set forth 

45 above, the read and write address values and the control value are applied as a bit-serial signal to the serial 
address input terminal SAD. In the present embodiment of the invention, each of the address values is a 13- 
bit value and the control value is a three-bit value. The bit-serial signal is loaded into the address input 
buffer 10 in synchronism with a serial address clock signal SAS. The address input buffer 10 may, for 
example, be realized as a 29 bit serial input, parallel output shift-register. The read and write address values 

so and the control value are applied to the serial input port and provided via parallel output ports of the buffer 
10. In the bit-serial signal SAD, used in this embodiment of the invention, the bits of the read and write 
address values are interleaved. The most significant bits of the two address values are the first two bits of 
the signal followed by the next most significant bits of the two address values and continuing on to the least 
significant bits. The three-bit control signal is appended to jhe interleaved addresses following the least 

55 significant bits of the two address values. The signal TAS is coupled to the read and write address 
latches 16 and 14 to control the transfer of the read and write address values from the address input buffer 
10 to the respective latches 16 and 14. Each of the latches 16 and 14 may include, for example, 13 data- 
type flip-flops arranged as a parallel-in-parallel-out register. The address values provided by the buffer 10 
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are loaded into the latches 16 and 14 on the negative-going edge of the signal TAS. 

The timing of an address load and transfer is shown in FIGURE 2. At time TAo. in this example, the 
memory system contains pixel data but has no outstanding read, write or refresh operations scheduled. The 
first bit of a new pair of address values AR, and AW 0 is applied to the address input terminal SAD at time 
5 TAo. T he individual bits of the read address value, AR«. a write address value. AW 0 . and the three-bit control 
value are sequentially loaded into the address buffer 10. one bit per period in the 29 periods of the signal 
SAS following time TAo. At time TA„ the address input buffer 10 contains a 13 bit read address val ue, a 
13 bit write address value and a three-bit control value. On the negative going edge of the signal TAS. 
occurring at TA„ the read and write address values are transferred to the respective read and write address 
10 latches 16 and 14 and the three-bit control value isjransferred tojhe memory sequencing circuitry 22. 

Jhe three control bits, designated RF. WF and MF, from the input buffer 10, and the signal 
TAS are applied to thejrnemory sequencing circuitry 22 to control the operation of me memory system. 
The bits RF and WF control whether data are read from or written to the pixel storage elements 
addressed by the respective read and write address values in the respective latches 16 and 14. The bit 
75 MF determines whether these read and write operations _are synchronized by circuitry internal to toe 
memory system^ or by the externally supplied signal TAS. The function of the control signals RF. 
WF and MF are summarized in Table 2. 



TABLE 2 



Control Bit 


Value 


Effect 


RF 


0 


read operation enabled 




1 


read operation disabled 


WF 


0 


write operation enabled 




1 


write operation disabled 


MF 


0 


read and/or write synchronized to TAS 


30 


1 


read and/or write operation 
internally synchronized 



In the example shown in FIGURE 2A, the three control bits. RF, WF and MF provided at time TA, 

35 alt have values of logic zero. Accordingly, data applied to the memory system via the input terminals 0I« 
through Dl 3 after time TA, will be written into the pixel storage elements addressed by the newly supplied 
write address value, AW 0 ; data provided via the output terminal D0 0 through DO,, after a suitable delay (e.g. 
32 periods of the signal CLK) will be data from the pixel storage elements addressed by the newly supplied 
read address value, AR* and the read and write operations using these address values are initiated by the 

40 negative going edge of the signal TAS. 

Referring to FIGURE 1, the read and write address values held by the latches 16 and 14, respectively, 
are applied to respective first input ports of the multiplexers 20 and 18. Second input ports of the 
multiplexers 20 and 18 are coupled to the output port of the address incrementing circuitry 32. The 
multiplexers 20 and 18 are controlled by the respective control signals SELR and SELW provided by the 

45 memory sequencing circuitry 22. When new address values are available in latches 16 and 14, the memory 
sequencing circuitry 22 pulses the signals_SELR and SELW. two and one-half master clock pulses after the 
negative going edge of the signal TAS to condition the respective multiplexers 20 and 18 to apply the 
address values AR© and AW 0 held by the respective latches 16 and 14 to the input ports of the read 
address register 24 and write address register 26. respectively. When new address values are not available 

so in the latches 16 and 14 the signals SELR and SELW condition the multiplexers 20 and 18 to apply the 
address value provided by the address incrementing circuitry 32 to the input port of the respective read and 
write address registers 24 and 26. The read address register 24 and write address register 26 are controlled 
by respective signals LD1 and LD2 provided by the memory sequencing circuitry 22 to load new read and 
write address values, respectively, when the signals SELR and SELW are pulsed or when respective 

55 incremented read and write address values are available at the output port of the incrementing circuitry 32. 

in addition to the 13-bit read and write address values held by the registers 24 and 26, a 10-bit refresh 
address value, held by a refresh address register 28, is applied to the multiplexer 30. The input port of the 
refresh address register 28 is coupled to the output port of the incrementing circuitry 32. The ten least 
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significant bits of the value provided by the incrementing circuit 32 are stored in the refresh address 
register coincident with a pulse of the signal LD3 provided by the memory sequencing circuitry 22. 

The multiplexer 30 is controlled by a two-bit signal MC provided by the memory sequencing circuitry 
22. The signal MC conditions the multiplexer to apply either the read address value from register 24, the 

s write address value from register 26 or the refresh address value from register 28 to the memory address 
register 31. The selected address value is loaded into the register 31 coincident with the positive-going 
edge of signal LD4 provided by the memory sequencing circuitry 22. 

The 13-bit address value held by. the memory address register 31 is applied to the address 
incrementing circuitry 32. The circuitry 32 may include, for example, a 13-bit binary adder (not shown) 

70 having the value held by the register 31 applied to one input port and a value of one applied to the other 
input port. The address value available at the output port of the incrementing circuitry 32 is applied to the 
refresh address register 28 and to the second input ports of the multipiexers 18 and 20 as set forth above. 

To understand how the individual data storage elements are addressed by the address value held in the 
register 31 , it is convenient to regard the memory cell array as a matrix of blocks of pixel cells. The matrix 

75 has 2 ,e (1024) rows and 2 3 (8) columns. Each unique combination of a row and column address value 
corresponds to a respectively different block of 32 four-bit pixel storage cells. To access a particular block 
of cells, the ten least significant bits of the address value held by the memory address register 31 are 
applied to row address decoding circuitry 34 and the three most significant bits are applied to column 
address decoding circuitry 36. The row decoding circuitry 34, which may be of conventional design, 

20 decodes the ten least significant bits of the address # value to select one of the 1024 rows, and the column 
decoding circuitry 36, which may be of conventional design, decodes the three most significant bits of the 
address value to select one of the eight columns. The block of pixel storage cells selected by the row and 
column decoding circuitry 34 and 36 is gated onto a 32 x 4 (128) bit data bus, I/O. by conventional 
circuitry. The data bus I/O is coupled to the data input gating circuits 42A through 42D and to the data 

25 output latches 52A through 52D. 

Data are provided to the memory cell array 50 via the data input terminals Dl 0 through Dl 3 . serial-to- 
parallel converters 38B through 38E, data input latches 40B through 40E and data input gating circuits 42A 
through 42D. 

Data applied to the write enable input terminal, WE, and to the four data input terminals DU through 
30 Dlj are stored in the respective seriai-to-paraJiel converters 38A through 38E. A new bit of data is stored in 
each of the five serial-to-parallel converters coincident with negative-going edge of each pulse of the clock 
signal WCK provided by the memory sequencing circuitry 22. The signal WCK may be. for example.Jhe 
logical AND of the system clock signal CLK and an inverted version of the write dock gate signal GW. 
When the signal GW is a logic one. the clock signal WCK is disabled and, so. data values applied to the 
35 serial-to-parallel converters 3 are not stored. When the signal GW is a logic zero, however, the signal 
WCK is enabled and data are stored in the converters 38 synchronous with the negative-going edges of the 
clock signal CLK. 

In this embodiment, the memory sequencing circuitry 22 counts pulses of the signal WCK, as set forth 
below, to determine when the data held in the seriai-to-parallel converters 38 is to be transferred to the five 

40 32-bit latches 40A through 40E. The latches 40A through 40E, each of which may include, for example, 32 
data-type flip-flops configured as a parallel-in-parallel-out register, are controlled by the memory_sequencing 
circuitry 22 to load the 32 four-bit pixel values and the corresponding 32 bits of the signal WE coincident 
with the positive-going edge of a signal WLD. 

The output values from the 32-bit latches 408 through 40E are applied to respectively different ones of 

45 the data input gating circuits 42A through 42D. Each of these gating circuits includes, for example, 32 three- 
state gates (not shown). Each of the three-state gates in a gating circuit is connected to a respectively 
different output terminal of its associated data input latch. The output terminals of the three-state gates are 
coupled to respectively different bit lines of the data bus I/O. The 32 three state gates in each of the gating 
circuits 42 are controlled by the signalsjjenerated by respectively different ones of the 32 OR_gates 41. 

so The OR gates 41 combine a signal ENW and corresponding bit values of the 32-bit signal WE stored 
in the register 40A in a logical OR function to generate 32 control signals applied to the 32 three-state gates 
of each of the data input gating circuits 42. 

The memory sequencing circuitry 22 provides a logic zero value for the signal ENW to transfer, to 
the memory cell array 50^ the four-bit pixel values held in the latches 40B through 40E, as masked by the 

55 values of the signal __WE Held in latch 40A. The signal WE masks the pixel values as follows. When a 
bit of the signal WE is a logic zero, the corresponding three state gates in each of the gating circuits 
42A through 42D are enabled to apply the corresponding four-bit pixel value to he data bus I/O of the 
memory cell array 50. When a bit of the signal WE is a logic one, however, the corresponding three- 
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state gates in each of the input gating circuits 42A through 42D present a high impedance to the data bus 
I/O. Under these conditions, the value currently held in the corresponding pixel value storage cell of the 
addressed block in the memory_cell array 50 is re-written into that storage cell. By this operation, a logic 
one of the input terminal WE effectively masks the corresponding pixel data value applied to the input 

5 terminal DU through D!j by preventing it from being written into the memory cell array 50. 

A memory read operation proceeds as follows in this embodiment of the invention. Thirty-two four-bit 
pixel values are transferred from an addressed block of pixel value storage cells in the memory cell array 
50 to the data output latches 52A through 52D when the signal ENR. supplied by the memory sequencing 
circuitry 22, has a value of logic-one. Each of the data output latches 52A through 52D may include, for 

10 example, 32 data-type flip-flops configured as a parallel-in-paralle!out register. The 32 four-bit pixel values 
held in the latches 52A through 52D are transferred into four 32-bit parallel-to-serial converters 54A through 
54D. respectively, coincident with the positive-going edge of a pulse of the signal RLD, supplied by the 
memory sequencing circuitry 22. Each of the parallel-to-serial converters 54A through 54D may include, for 
example, 32 data type flip-flops configured as a parallel-in-serial-out shift register. 

is Each of the parallel-to-serial converters 54 provides one-bit of the 32 four-bit pixel values synchronous 
with a read clock signal RCK. provided by the memory sequencing circuitry 22. The signal RCK may be. for 
example, the logical AND of the master clock signal CLK and an inverted version of the read clock gate 
signal GR. 

In order to maintain a continuous stream of four-bit pixel values from the parallel-to-serial converters 54, 

20 the memory sequencing circuitry 22 may include, for example, a counter (not shown) which counts the 
pulses of the signal RCK. This counter is reset when new pixel values are loaded into the parallel-to-serial 
converters 54. When the counter has counted 32 pulses of the signal RCK (indicating that the 32 pixel 
values have been shifted, out of the converters 54), the memory sequencing circuitry 22 pulses the signal 
RLD to load 32 new pixel values into the converters 54 and resets the RCK counter (not shown). 

25 The output terminals of the four parallel-to-serial converters 54A through 54D are coupled to respective 
three-state gate circuits 56A through 56D. The three-state gate circuits 56 are controlled by an externally 
supplied output enable signal OE. When the signal OE has a value of logic one, the three state gate 
circuits 56 present a high impedance at the output terminals DO 0 through DO,. When the signal OE" has 
a logic zero value, however, the circuits 56 present the logic values, applied to their input terminals, at the 

30 output terminals D0 0 through D0 3 . 

In addition to controlling the reading of data from, and writing of data into the memory cell array 50, the 
memory sequencing circuitry 22 also controls the periodic refreshing of data values stored in the memory 
cell array 50. To understand how the refresh operation occurs, it is helpful to first understand why the data 
values are refreshed. In the embodiment of the invention shown in FIGURE 1, the memory cell array 50 is 

35 composed of 2 2 (1 ,048,576) dynamic bit-storage cells arranged as 2 13 (8,192) blocks of 32 four-bit pixel 
storage cells. A datum is stored in one of these dynamic bit-storage cells as a charge or absence of a 
charge on a capacitor (not shown). This charge is not stable and tends to dissipate over time. Con- 
sequently, the memory system includes an automatic refresh operation which periodically restores the 
charge on all of the capacitors to maintain the data in the storage cells. To understand how the refresh 

40 operation is performed, it is helpful to know the general structure of the memory cell array. The memory 
cell array 50 used in the present embodiment of the invention may be considered to be organized as a 
matrix having 1024 rows, 256 columns and four bit planes. The four bit planes correspond, respectively, to 
the four bits of pixel values. The 256 columns on each bit plane are organized in eight groups where each 
group includes 32 columns, all 32 columns in a given group have the same column address. In this memory 

45 organization, each of the 256 columns in each of the four bit planes has a separate sense amplifier (not 
shown). When the sense amplifier is gated onto the bus I/O, the charge on the capacitor of the addressed 
bit cell may be read onto the bus or written from the bus (i.e. changed to equal the new bit value applied 
via the bus I/O). In a refresh operation, the bit values provided by the sense amplifiers are not gated onto 
the data bus, consequently, all eight column select lines from the column decode circuitry 36 may be 

so activated for each 10-bit row address provided to the row address decoder 34. Thus, each refresh operation 
restores 256 pixel values (1024 bits of data). All of the data in the memory cell array 50 may be refreshed 
in 1024 refresh operations (i.e. a refresh operation for each row in the matrix). 

The automatic refresh system used in the memory system shown in FIGURE 1 refreshes all of the bit- 
storage cells in the memory cell array in less than 5 milliseconds. To do this, one row of the memory cell 

55 array is refreshed every 64 cycles of the clock signal CLK. A typical refresh operation proceeds as follows. 
Once a refresh address has been established, the memory sequencing circuitry 22 pulses a signal REF 
applied to the column decoding circuitry 36 and to the memory cell array 50 to activate the sense amplifiers 
in all 256 columns on all four-bit planes of the memory cell array 50 and to inhibit the gating of the sense 
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amplifiers to the data bus. The sense-amplifiers read and restore the data held in each of the dynamic bit 
storage cells in the addressed row. 

The structure of the individual memory bit storage cells and of the sense amplifiers depends on the 
technology (e.g. NMOS or CMOS) used to implement the memory system and may also depend on factors 
5 such as the desired data access time and the power dissipation for the memory system. Exemplary 
circuitry for implementing the memory storage cells, sense amplifiers and address decoders is shown in an 
article by K. Kimura et al. entitled "Power Reduction Techniques in Megabit DRAM's", IEEE Journal of 
Solid-State Circuits. Vol. SC-21. No. 3. June 1986. pp. 381-389. 

FIGURES 2A and 2B are signal timing diagrams which are useful for illustrating the operation of the 
10 memory system under the control of the memory sequencing circuitry 22. The timing values shown in these 
figures are specific to this embodiment of the invention. They are provided to illustrate one possible 
implementation of the invention. 

The master clock signal CLK used in this embodiment of the invention has a frequency of 14.32 MHz. 
4f c in the NTSC system. The other clock signals, SAS, WCK and RCK are ail derived from this master 
75 clock signal. 

The timing diagrams in FIGURES 2A and 2B show a series of memory functions which illustrate the 
operation of the memory sequencing circuitry 22. As an aid in explaining the timing diagrams, time values 
are marked across the top of the FIGURES 2A and 2B. The time values TAo. TA,. TA* and TA* designate 
times at which memory address events occur, either the start or finish of an address load operation. The 

20 time values TC 0 through TC, 3 mark the boundaries of internal memory cycles, each memory cycle spans 
eight periods of the master clock signal CLK. Memory operations which affect the memory cell array 50 (i.e. 
memory read, write and refresh) occur during respectively different memory cycles and are initiated on the 
memory cycle boundaries. The time values TB 0 TB, and TB 2 mark times at which data are transferred from 
the serial-to-parallel converters 38 to the data input latches 40 and/or times at which data are transferred 

25 from the data output latches 52 to the parallel-to-serial converter 54. 

Briefly, between times TAo and TA„ a read address value ARo and a write address AW 0 are loaded into 
the memory system. Read operations using ARo and ARo+i are initiated at times TC 8 and TCs, respectively. 
A write operation using memory address AW 0 is initiated at time TC*. Between times TA* and time TA 3 , read 
address value AR, and write address value AW, are loaded into the memory system. A memory write 

30 operation using address AW, is initiated at time TC, and a read operation using address AR, is initiated at 
time TC,. Memory refresh operations are initiated at times TC, and TC, Q . These timing diagrams and the 
explanation set forth below define the function of the memory sequencing circuitry 22 sufficiently to allow 
one skilled in the art of digital logic design to assemble circuitry from conventional components which may 
be used as the memory sequencing circuitry 22. 

35 To understand the sequencing of the memory system, it is convenient to separate the circuitry which 
processes the address and control signal values from the circuitry which performs the read, write and 
refresh operations. As set forth above, at time TA.. the read and write address values AR« and AW 0 are 
stored in the respective read and write address latches 16 and 14. One master clock period after the signal 
TAS has been pulsed, the memory sequencing circuitry 22 pulses the signals SELR and SELW to 

40 condition the respective multiplexers 20 and 18 to apply these address values to the read and write address 
registers 24 and 26. respectively. Shortly after the positive going edges of the signals SELR and SELW, the 
circuitry 22 pulses the signals LD1 an LD2 to load the respective address values AR« and AW 0 into the 
respective read and write address^ registers 24 and 26. 

As set forth above, the MF bit of the control value applied to the memory sequencing circuitry 22 at 

45 time TA, is a logic zero. Consequently, the read and write operations which uses the address values 
supplied at TA, are synchronized to the signal TAS. In the present embodiment of the invention this is 
accomplished by resetting the counters (not shown) in the memory sequencing circuitry 22 which count 
pulses of the respective signals WCK and RCK. and by scheduling a memory read operation. To indicate 
that a read write or refresh operation is scheduled, the memory sequencing circuitry 22 may include, for 

so example, three set-reset latches (not shown). The first, second and third latches are set by the circuitry 22 
to schedule a read, a write and a refresh operation, respectively and are reset by the circuitry 22 when the 
corresponding operation is initiated. To prevent any conflict when more than one operation is scheduled, a 
priority is established such that a write operation has the highest priority followed by a read operation and 
then a refresh operation. This priority assignment is somewhat arbitrary although it is generally desirable for 

55 refresh operations to have the lowest priority. 

Since the counter (not shown), which tallies pulses of the signal WCK is reset by the signal TAS, the 
32 four-bit pixel values, applied to the data input terminals Dl 0 through Dl 3 over the 32 periods of the signal 
WCK following the negative going edge of the signal TAS are sequentially stored in the serial-to-parallel 
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converters 38B through 38E. To simpjify the explanation of the memory sequencing circuitry 22 t it is 
assumed -that the input terminal WE is held at a logic zero value so that none of the four-bit pixel values 
are masked from being written into the memory cell array 50 as set forth above. The entry of pixel data into 
the serial-to-parallel converters 38 is started at time TA, when the value of the externally supplied write 
s clock gate signal GW is changed to a logic zero. 

The time TG, is at the start of the first memory cycle shown in FIGURE 2A. At time TC 0 . a read 
operation and a refresh operation are scheduled. According to the priority scheme set forth above, the read 
operation is initiated first 

The first step in the read operation is to change the signal MC to condition the multiplexer 30 to apply 
10 the read address value AFU from the read a dress register 24 to the memory address register 31 . One clock 
period after time TC 0 . the signal LD4 is pulsed to load the read address value into the memory address 
register 31 . The address value held by the register 31 is applied to the row decoding circuitry 34 and 
column decoding circuitry 36 to select a block of pixel storage cells from the memory cell array 50. Two 
and one-half periods of the signal CLK after time TC 0 . the signal ENR is pulsed for five periods of the 
15 master clock signal CLK. While the signal ENR has a logic one value, the data output latches 52 are gated 
onto the bus I/O. Coincident with the negative going edge of the signal ENR, the 32 four-bit pixel values 
held in the addressed block of pixel storage cells are transferred to the output latches 52. Seven periods of 
the signal CLK after time TC the signal LD1 is pulsed to load the incremented read address value from the 
incrementing circuitry 32 into the read address register 24. 
20 The data held in the latches 52 at time TC, is not transferred to the parallel-to-serial converters until a 
time 32 periods of the signal CLK after time TA,. This time is shortly after time TB 0 in FIGURE 2A. The 
delay of 32 master clock periods between the completion of the read operation and the availability of the 
pixel data at the output terminals DO 0 through DO a allows the memory sequencing circuitry 22 to initiate the 
read operation, which was initiated in the present example at time TCo, either at time TC 0 , time TC, or time 
25 T,. This flexibility ensures that any potential conflict between read, write and refresh operations can be 
resolved before the data read from the memory cell array 50 is expected at the output port. 

At time TC, the portion of the read operation which accesses the memory cell array 50 is complete. At 
this time, the refresh operation, which has been scheduled since time TC is initiated by the memory 
sequencing circuitry 22. The circuitry 22 first changes the state of the signal MC to condition the multiplexer 
30 30 to apply the refresh address value from the refresh address register 28 to the memory address register 
31. The circuitry 22 then pulses the signal LD4, one master clock period after time TC, to load, the refresh 
address value into the register 31. On the third clock period after time TC„ a pulse having a width of three 
clock periods is applied, as the signal REF, to the column decoding circuitry 36 and to the memory cell 
array 50. to refresh the addressed row of bit-storage cells in each of the four bit planes of the memory cell 
35 array 50. Seven master clock periods after the time TC, the signal LD3 is pulsed to load the ten least 
significant bits of the incremented refresh address value, as provided by the incrementing circuitry 32, into 
the refresh address register 28. At time TC the refresh operation is complete. 

Starting at time TA,, a new address and control value is applied to the_senal address input terminal 
SAD and loaded into the input buffer 10 synchronous with the clock signal SAS . This address load 
40 operation occurs in the same sequence of steps as the one set forth above and is not described in detail. At 
time TA,. a new read address value, AR„ and a new write address value, AW„ are loadedjnto the/ead 
address latch 16 and write address latch 14. respectively, and new control values RF, WF and 
MF, having respective values of zero, zero and one, are loaded into the memory sequencing circuitry 22. 
The effect of these new address and control values on the operation of the memory system is described 
45 below in relation to the description of the memory system in the time following time TC 

At time TC a read operation and a refresh operation have been performed on the memory cell array 
50 and no write operation is scheduled, since only 19 four-bit pixel values have been loaded into the serial- 
to-parallel converters 38. Since no memory operations are scheduled at time TC* or at time TC none are 
performed. At time TB 0 . the 32nd pixel value is loaded into the serial-to-paraliel converters 38. Coincident 
50 with the positive-going edge of the next successive pulse of the signal WCK, the memory sequencing 
circuitry 22 pulses the signal WLD to transfer the 32 four-bit pixel values from the converters 38 to the input 
latches 40. At the same time, the circuitry 22 resets its internal counter (not shown) which tallies the pixels 
applied to the serial-to-parallel converters 38 and schedules a memory write operation. 

In the example shown in FIGURE 2A, the time at which the contents of the seriai-to-parallel converters 
55 38 are to be transferred to the latches 40 is 32 periods of the master clock signal CLK after time TA,. This 
is also the time at which the pixel data values red from the memory cell array 50 having the address ARo 
are to be supplied via the output terminals DO 0 through D0 3 . Accordingly, at the same time that the circuitry 
22 pulses the signal WLD. it also pulses the signal RLD to transfer the contents of the output buffer latches 
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52 to the paralleRo-seriaJ converters 54. At this time, the circuitry 22 also_ schedules the next read 
operation. Simultaneously, the externally supplied read clock gate signal GR and output enable signal 
OE are changed to have logic zero values, enabling the signal RCK and the three-state gates 56. 
Synchronous with the signal RCK. the 32 four-bit pixel values held in the parallel to serial converters 54 are 

s provided via the output terminals DO 0 through D0 3 . 

At time TC* a read operation and a write operation are scheduled. Since the write operation has a 
higher priority it is initiated by the memory sequencing circuitry 22. At time TC 4 the signal MC is changed 
by the circuitry 22 to condition the multiplexer 30 to apply the write address value AW 0 . held in the write 
address register 26, to the memory address register 31. One master clock period after time TC«, the 

10 circuitry 22 pulses the signal LD4 to load the address value AW 0 into the register 31^Two master clock 
periods after time TC«. the memory sequencing circuitry 22 changes the signal ENW to a logic zero 
value, for five periods of the master clock signal, to gate the 32 jour-bit pixel values held by the latches 40 
onto the data bus I/O. During the time interval that the signal ENW has a logic zero value, these 32 pixel 
values are written into the addressed block of memory storage cells. Seven master clock cycles after time 

is TC*. the signal CK 2 is pulsed to load the incremented write address value from the incrementing circuitry 2 
into the write address register 26. 

Referring to FIGURE 2B. at time TC S . the memory write operation is complete and a memory read 
operation is scheduled. The read and write address values, AR, and AW„ supplied at time TA 3l one-half of 
one master clock cycle before time TCs. have not yet been propagated to the read and write address 

20 registers 24 and 26, respectively. Consequently, the read operation initiated at time TC 5 uses the 
incremented read address value (i.e. AR 0 + 1) from the read address register 24 rather than the newly 
provided read address value AR.. 

The address value AR 0 +1 is transferred from the read address register 24 to the memory address 
register 31 by the signal LD4 emitted by the memory sequencing circuitry 22 one master clock period after 

25 time TC 5 . Two and one-half master clock periods after time TC S (or three clock periods after time TA,) the 
newly provided read and write address values are loaded into the respective read and write address 
registers 24 and 26 by the memory sequencing circuitry 22 by pulsing the signals SELR, SELW. LD1 and 
LD2 as set forth above. 

The read operation initiated at time TCs proceeds in the same manner as the read operation which was 

ao initiated at time TC, except that the memory sequencing circuitry 22 does not pulse the signal LD1 seven 
master clock cycles after TCs to load the incremented address value into the register 24. The memory 
sequencing circuitry disables the signals LD1 and LD2 to prevent the newly loaded address values AR, and 
AW, from being overwritten by the incremented address value from a read or write operation which may be 
in progress as the new address values are supplied. The signals LD1 and LD2 are only disabled when the 

35 control value MF of the newly loaded address and, control signal is a logic one. In this instance, the read 
and write operations using the newly supplied address values occur only after any currently scheduled read 
and write operations. Then the control value MF is a logic zero, the sequencing circuitry 22 schedules a 
new read operation which overrides any currently scheduled read operation. In addition, it resets the internal 
counter which tallies the pulses of the signal WCK, postponing the next memory write operation. 

40 Time TB, is 32 master clock periods after time TB 0 . in the time interval between the times TB« and TB„ 
32 four-bit pixel values have been stored in the serial-to-parallel converters 38 and 3 four-bit pixel values 
have been provided by the parallel-to-serial converters 54. Consequently, coincident with the positive going 
edge of the first pulse of the signal CLK following time TB,. the memory sequencing circuitry 22 pulses the 
signals RLD and WLD to transfer, respectively, the 32 four-bit pixel values stored in the output latches 52 

45 into the parallel-to-serial converters 54 and the 32 four-bit pixel values held in the serial-to-parallel 
converters 38 into the input latches 40. The memory sequencing circuitry 22 also schedules a read 
operation and a write operation, one master clock period after time TB,. 

The four-bit pixel values applied to the data input terminals DU through Dl 3 between time TB, and TB 2 
are written into the block of pixel value storage cells which is addressed by the write address value AW,. In * 

so this example, these pixels are to be subsampled in a one-to-two ratio. This subsampling may be performed, 
for example, to compress the lines of pixel data stored in the memory cell array 50 by one-half to produce 
a compressed image for a pix-in-pix feature. The subsampling is achieved by applying a bilevel signal, * 
having a frequency that is half the frequency of the master clock signal, as the write clock gate signal 
GW. As set forth above, the signal WCK is the logical AND of the master clock signal CLK and an 

55 inverted version of the signal GW. The signal WCK determines which pixel values are loaded into the 
serial-to-parallel converters 38. It is also used by the memory sequencing circuitry 22 to determine when to 
transfer the collected pixel values to the input latches 40. The signal WCK after time TB, is a clock signal 
having a 25% duty cycle and a frequency that is one-half of the frequency of the signal CLK. Responsive to 
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this signal, the serial-to-paraile! converters store only every other one of the four-bit pixel values applied to 
the input terminals Ol 0 through Dl,. The pixel values that are stored are those occurring coincident with the 
negative-going edges of the clock signal WCK. 

At time TC.. a write request and a read request are pending. According to the priority scheme set forth 
5 above, the write request is initiated at time TC The 32 four-bit pixel values applied to the memory system 
in the interval between TB 0 and TB, are written into the block of pixel storage cells that is addressed by the 
write address value AW, loaded at time TA 3 . This write operation is performed in the same manner as the 
one that was initiated at time TC«. Accordingly, it is not described in detail. 

Time TC, is 64 master clock-cycles after time TC 0 , the time that the previous refresh operation was - 
io scheduled. Since the memory system is designed to refresh one row of bit storage cells every 64 master 
clock cycles, a refresh operation is scheduled at time TCi. 

At time TC,. the memory sequencing circuitry 22 initiates a read operation to transfer the 32 four-bit 
pixel values, addressed by the read address value. AR„ from the memory cell array 50 into the output 
latches 52. This read operation is performed in the same manner as the one that was initiated at time TC 0 
75 and. so, is not described in detail. 

The refresh operation, which was scheduled at time TC B , is performed at time TC, 0 . This refresh 
operation proceeds in the same manner as the one initiated at time TC„ consequently, it is not described in 
detailed. 

The time TB 2 is 32 periods of the clock signal RCK after time TB,. At time TB 2 . all the 32 four-bit pixel 
20 values which had been transferred to the parallel-to-serial converters 54 shortly after time TB, have been 
provided by the converters 54 via the output terminals D0 0 through DO,. Coincident with the positive-going 
edge of the first pulse of the master clock signal after time TB„ the memory sequencing circuitry 22 pulses 
the signal RLD to transfer the 32 four-bit pixel values held in the latches 52 into the parallel-to-serial 
converters 54. In this example, these values are to be provided at the output terminals DO 0 through D0 3 at 
25 one-half the rate at which the prior pixel values were supplied. This may be desirable, for example, to 
expand the lines of video samples provided by the memory system to produce a magnified Jmage. The 
expansion of the lines of samples is accomplished by changing the read clock gate signal, GR, to be_a 
bilevel signal having a frequency that is one-half the frequency of the signal CLK. This signal. GR. 
changes the signal RCK to have a 25% duty cycle and a frequency one-half of the frequency of the signal 
30 CLK. Responsive to this signal. RCK, the parallel-to-serial converters 54 provide the 32 four-bit pixel values 
at the desired rate. 

Since the memory sequencing circuitry 22 schedules read and write operations after counting 32 pulses 
of the respective signals RCK and WCK. no new write operation will be scheduled until a time (not shown) 
64 master clock cycles after TB, and no new read operation will bye scheduled until a time (not shown) 64 
35 master clock cycles after TB*. 

As set forth above, the read clock gate signal GR and write clock gate signal GW can be used to 
control when, and at what rate, data are respectively read from and written into the memory system shown 
in FIGURE 1. The clock signals which load the values into the serial-to-parallel converters 38 and provide 
values from the parallel-to-serial converters 54 are synchronized to the master clock signal because 
40 transfers occur only on the edges of master clock pulses. However, the actual data input and output may be 
otherwise asynchronous. Data may be applied to or provided by the memory system at any frequency that 
is a rational fraction of the master clock frequency. 

While this memory system is described in the context of video signal processing, it is contemplated 
that it may also be used in computer data processing applications. For example, the ability to simulta- 
45 neously and semi-synchronously write and read continuous data streams at respectively different data rates 
may make this memory system desirable as a data buffer between a microprocessor and a peripheral 
device, such as a printer, or as an emulator for a mechanical mass storage device, e.g. as a "RAM DISK" 
device. 

50 

Claims 

1 . A digital data memory system realized as a single integrated circuit comprising: 
block oriented digital data storage means (50) wherein each block includes D dynamic data storage 
55 elements and has a unique address, where D is a positive integer: 

an input port (DIo—DI,) for applying D data values to the memory system; 

control means (22.30.31.34.36), coupled to said input port and to said block oriented digital data 
storage means, for storing D data values applied via said input port into one of said blocks during a time 
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interval T WR , retrieving D data values from one of said blocks during a time interval T RO , and refreshing at 
least O data values held in one of said blocks during a time interval T RF where the time intervals T WR . Tro 
and Trf are mutually exclusive; 

a source (22) of data output clock signal having a maximum frequency of f 0 - and 
data output means (54A-54D), coupled to sad block oriented digital data storage means, having a 
parallel input port for receiving the D data values provided by said block oriented digital data storage means 
during said time interval Tro, and a serial output port for providing the received D data values sequentially 
in synchronism with D successive pulses of said data output clock signal; 

wherein the amount of time represented by the sum of the lengths of the time intervals Twr, T ro and 
T RF is not greater than an amount of time represented by a mathematical expression, D/f c . 

2. The digital data memory system set forth in claim 1 wherein the time intervals T W r, Tro and T RF 
each represent an amount of time substantially equal to one-fourth of the amount of time represented by 
the expression D/f c . 

3. The digital data memory system set forth in claim 2 wherein said control means refreshes data 
values held in said digital data storage mean not more than once in any time interval having a length 
represented by a mathematical expression 2*D/f c . 

4. A digital data memory system comprising: 

block oriented digital data storage means wherein each block has a unique address and includes D 
dynamic data storage elements for holding D data values, where D is a positive integer; 
a serial input port for applying data values sequentially to the memory system; 
a source of data input clock signal having a maximum frequency of f c ; 

input buffer means, coupled to said input port, including first shift register means having a serial input 
port and a parallel output port, for storing D data values applied to said memory system input port 
synchronous with D successive pulses of said input clock signal, and for providing said D stored data 
values via said parallel output port; 

control means, coupled to said input buffer means and to said block oriented digital data storage 
means, for conditioning said data storage means, during a time interval T WR , to store the D data values 
provided by said input buffer means into one of said blocks, for conditioning said data storage means, 
during a time interval T R0 , to provide D data values from one of said blocks, and for conditioning said data 
storage means, during a time interval Trp, to refresh at least D data values held in one of said blocks, where 
the time intervals T W r, T ro and T RF are mutually exclusive and where the sum of the lengths of the time 
intervals T WR| Tro and T RF is not greater than an amount of time represented by a mathematical expression 
D/f c ; 

a source of data output clock signal; and 

output buffer means, coupled to said digital data storage means, including second shift register means 
having a parallel input port and a serial output port, for storing, in parallel, the D data values provided by 
said digital data storage means during the time interval T RD . and for providing said D data values stored in 
said second shift register means, in sequence via said serial output port, synchronous with D successive 
pulses of said data output clock signal. 

5. The digital data memory system set forth in claim 4 wherein the time intervals T W r, T ro and T RF 
each represent an amount of time substantially equal to one-fourth of the amount of time represented by 
the expression D/f c ; 

6. The digital data memory system set forth in claim 5 wherein said control means conditions said data 
storage means to refresh data values held in said digital data storage means not more than once in any 
time interval having a length represented by a mathematical expression 2"D/f c . 

7. A digital video memory system comprising: a source of system clock signal having a frequency of f c ; 
block oriented pixel storage means wherein each block has a unique address and includes D dynamic 

data storage elements for holding D pixel values, where D is a positive integer. 

a serial input port for applying pixel values sequentially to the memory system; 

a serial output port for providing sequential pixel values from the memory system; 

means, coupled to said source of system clock signal for generating a pixel input clock signal having a 
maximum frequency of f c ; 

input buffer means, coupled to said input port, including first shift register means having a serial input 
port and a parallel output port, for storing D pixel values applied to said memory system input port 
synchronous with D successive pulses of said pixel input clock signal, and for providing said D stored pixel 
values via said parallel output port; 

control means, coupled to said input buffer means and to said pixel storage means, for conditioning 
said pixel storage means, during a time interval. Twr, to store the D pixel values provided by said input 



12 



0 280 882 



buffer means into one of said blocks, for conditioning said pixel storage means, during a time interval, T RO , 
to provide D pixel values from one of said blocks, and for conditioning said pixel storage means during a 
time interval. T RF . to refresh at least D pixel values held in one of said blocks, where the time intervals T W r, 
T RO and T RF are mutually exclusive and where the sum of the lengths of the time intervals T W r, T ro and T RF 

5 is not greater than an amount of time represented by a mathematical expression. Dfi c ; 

means, coupled to said source of system clock signal for generating a pixel output clock signal having 
a maximum frequency of f c ; and 

output buffer means, coupled to said pixel storage means, including second shift register means having 
a parallel input port and a serial output port, for storing, in parallel, the D pixel values provided by said pixel 

w storage means during the time interval T R0 . and for providing the D pixel values stored in said second shift 
register means, in sequence, via said memory system output port, synchronous with D successive pulses of 
said output clock signal. 

8. The digital video memory system set forth in claim 7 wherein the time intervals T WR , T R0 and T RF 
each represent an amount of time substantially equal to one-fourth of the amount of time represented by 

75 the expression D/f c . 

9, The digital video memory system set forth in claim 8 wherein: 
f c is substantially equal to 14.32 MHz; 

D is substantially equal to 32; 

and each of the time intervals T WR , T RD and T RF spans eight periods of said system clock signal. 
20 10. The digital video memory system set forth in claim 9 wherein said control means conditions said 
pixel storage means to refresh data values held in said pixel storage means, not more than once in any 64 
successive periods of said system clock signal. 



13 



o 

0 280 882 




< ) 

0 280 882 



TA 0 
1 



TAiTCo TC|TA 2 TC 2 TC 3 TB 0 TC 4 TA3TC5 
11 III 1 I I 11 



CLKnnnjumnnnjuuuinnjuinnnnnnniuin^ 



5a1 ■iimTnnnniuuinMiuuuuuinniu^ 
1 1 1 



1 



SAD DC 



I 



TAS' 
SELR. 



SELW_ 



LDI 
LD2 



+4uinniuulnnjinnjuiilnjinnhniulnj^ — 
1 1 1 111 11 

-r* 1 1 11 y n — 
T? 1 — 1 — 1 ir~ 



4- 



-1 1 1- 



I I 



I 



I I I 
I I I 



JU- 



I I I 
I I I 

t 1 — r 

1 1 1 



-1 — 1- 



DIZ 

gW" 

WCK- 

mc : 

LD4. 

LD3. 

REF. 

ENR - 

RLD. 

WLO. 

ENW" 
6R' 

RCK. 
DO : 
OE" 



f 



I I I 
l I l 



IU_ 

1 i i 1 1 1 

DoocjxooooocjxocooajMOQoa^ 

I I I III I 

1 I I I 1 — I — I 1 — 

I I I III I 

juuihnniuuinn^ 



J L 



H 1- 

I I I 

1 1 m 



l 1 t 
1 l 1 

1 1 — r 

1 1 1 
4 1 — u 



1 1 l 
1 1 1 

1 — 1 — r 

I In I 



-i — 



1 'n 1 



1 1 1 



i h 



I I I 
J L I 

1 n — 1- 



4- 



111 1 

i__uuuuuuuuuuinnnn 
1 



1 1 



4 * 



1 — r 

J L I 

1 n — t- 



)ooc}xxm30c|xx: 



1 1 



Fig. 2A 



0 280 882 



TA3TC5 TC 6 TC 7 TB, TC 8 
III 



TC 9 TC10 TC|| TB 2 TC| 2 TCj 3 
I I III 1 

clk iu(|injuuinnn(uuinnnjui)uiA^ 



sad 

TAS 
SELR 
SELW 
LDI 



II 1 III! 1 111 I 


Bll 1 

It 1 


1 1 1 
1 ! 1 






XH 1 III 1 1 1 1 I \ 


II i 


1 1 1 
1 1 1 






■i> — 1- 

1 1 


1 1 1 
1 1 1 
1 1 1 






1 1 
1 l — l j 


1 1 1 
1 1 1 






-4-Jl 1 


1 1 1 

1 1 1 
1 1 1 


1 n| 




1 1 


1 1 1 

1 1 ! 


-A — 1 — 


— H 1 


-H — f— 


1 ! 1 







GW _1_ 



J L 



jiJiJirinknjuihjxim^ 



1 1 1 



ur -4 AR ° 4 ' l 1 u^AWj, AR| ,ggL_, — 1 — 1 1 

Mv ^J^, . ft ,. ■■ -., |— I .... ■ ft, /ft-.- ■ ■ , ft. » ■■■4" 



LD4 _LIL 



H h 

III I 

1 1 in in 



JUL 



^ — h 
1 1 1 

J I L 



LD3 
REF 
ENR 
RLD _L 
WLD _!_ 



I I 
I I 

1 — r 
1 1 

J — u 



1 1 
1 1 
-1 — r 
1 1 
-1 — u 



1 1 

1 1 



1 r 



1 

TL 



1 r 
in- 1 



H H' — H 

1 '„ 1 
_UL_L 



I I 
I I 

1 — r 
Iil 1 



-\ P 1 — h 

I I I 
J I L 



I 



ENW 



GR 



I I I 

i 1 h 

I I I 
1 I I 
■4 1 1- 



III I 

-i 1 1 1 

III I 

j jn rfrnnnifrnnnn 



1 1 111 1 1 111 1 

rck TniuuuuuinnnnnnmTnnnnnnniui^^ 

1 111 1 1 111 1 

do ccjxxmxxjxaoooocj^^ 

lit 1 1 111 1 
j 1 I 1 1 1 — 1 — 1 L 



I 



I 



I I 



I 



I 



I 



I I 



I 



Fig. 2B 



® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 280 882 

A3 



® EUROPEAN PATENT APPLICATION 

© Application number. 88101323-9 © Int. CI. 4 : G11C 8/00 

© Date of filing: 29.01.88 



® Priority: 30.01.87 US 8695 

© Date of publication of application: 
07.09.88 Bulletin 88/36 

© Designated Contracting States: 
DE FR GB IT 

® Date of deferred publication of the search report: 
17.01.90 Bulletin 90/03 



© Applicant: RCA LICENSING CORPORATION 
2 Independence Way 
Princeton New Jersey 08540(US) 

© Inventor: Todd, Christopher J. 
1402 South Kitley Avenue 
Indianapolis Indiana 46203(US) 

© Representative: von Bezold, Dieter, Dr. et al 
Dr. Dieter von Bezold Dipl.-lng. Peter Schlitz 
Dipl.-tng. Wolfgang Heusler Brienner Strasse 
52 

D-8000 Munchen 2(DE) 



® n™rl lented ra uf°T 3CCeSS memCry ab,e to perform a data read » a data and a data refresh 
operation in one block-access time. 

© A video memory system which uses dynamic 
digital data storage elements allows random access 
to blocks of 32 pixel values. The pixel values to be 
stored in a block (50) are applied sequentially to the 
memory system and the pixel values provided by 
the memory system are provided sequentially. The 
block oriented random access memory which stores 
and provides the blocks of 32 pixel values is config- 
ured (22,30,31,34,36) to be able to perform a block 
read, a block write and a refresh operation in the 
time (Twr + T R0 + Tre) required to provide one 32 
pixel block to or from the video memory system. 
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